1. Introduction
===============

Pancreatic cancer ranks fourth in cancer-related mortality in the United States in 2017,^\[[@R1]\]^ and it is predicted to become the second leading causes of death due to cancer by 2030.^\[[@R2]\]^ Pancreatic cancer is known to have a poor prognosis, mostly due to the fact that early stage of pancreatic cancer is often asymptomatic and poor early detection rates as well as the clinical presentation (such as liver metastases) usually precludes surgical resection in the most patients at advanced stage. Consequently, the average 5-year survival rate among patients with pancreatic cancer \<3% .^\[[@R3],[@R4]\]^ Therefore, it is crucial to seek more reliable prognostic indictors in future scientific research. The costimulatory molecule B7-H4 may be a new prognostic marker for pancreatic cancer.

B7-H4, a member of the B7 family of immunoregulatory proteins, is generally expressed on the surface of antigen-presenting cells (APCs) and interacts with ligands bound to unknown receptors presented by activated T cells. This proteins can inhibits T cell proliferation and cytokine production in tumor microenvironment.^\[[@R5]\]^ Unlike in normal tissues, high levels of B7-H4 protein expression have been reported in a variety of human tumors, including ovarian carcinoma, breast cancer, bladder cancer, glioma, prostate cancer, pancreatic cancer, and so on.^\[[@R6]\]^ Besides, there is a study showed that shRNA-mediated disruption of B7-H4 markedly inhibited tumor cell proliferation, invasion, and migration, increased cell apoptosis and arrested cell cycle at G0/G1.^\[[@R7]\]^ So, we assume that B7-H4 may serve as a potential target for cancer immunotherapy.

Several clinical studies have suggested that high B7-H4 expression is associated with shorter overall survival (OS) in solid cancer.^\[[@R8]--[@R10]\]^ Nevertheless, the reliability and degree of the prognostic impact of B7-H4 in pancreatic carcinoma have not yet been methodically analyzed. Therefore, we conducted a meta-analysis to assess the prognostic effect of elevated B7- H4 in patients with PC.

2. Materials and methods
========================

2.1. Search strategy and study selection
----------------------------------------

We conducted this meta-analysis in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. We performed a comprehensive literature search of the following databases: Pubmed, Embase, Cochrane Library, Ovid, Web of Science, and Chinese research database (including CBM, CNKI, WAN FANG). The last search was updated on October 12, 2017. The published languages were limited to English and Chinese. The searching items in English were used: "B7-H4," "B7H4," "B7S1," "pancreat∗ ," "pancreatic cancer," "pancreatic carcinoma," "pancreatic neoplasm," "pancreatic tumor," "PC," and "PADC". The references in the relevant studies were also searched.

Studies were eligible for inclusion based on the following criteria: diagnosis of PC was proven by histopathological methods; B7-H4 was detected by any method; studies reported the correlation of B7-H4 with clinicopathological factors or overall survival (OS); when there were multiple studies on the same patients population, the largest or the most recent one was selected; HR with 95% CI was available for data extraction; articles were published in English or Chinese. The exclusion criteria were as follows: meeting abstracts, reviews, letters, or case reports; duplicated studies and repeated analyses; studies which lack necessary information.

2.2. Data extraction and qualitative assessment
-----------------------------------------------

The following information of each eligible study was extracted independently by 2 investigators (CX and TL): first author; publication year; country; number of participants; cancer type; gender; tumor stage; sample source (histology/cytology); detected methods; follow-up period; cut-off value; outcome measures; HR for survival outcome and corresponding 95% CI (Table [1](#T1){ref-type="table"}). If a study provided univariate and multivariate results both, considered the precision of data, the multivariate analysis would be selected. Some HRs and their 95% CI were not directly reported in the articles, we used the graphical data to extract information. Any discrepancies were resolved by discussion to reach a consensus. The quality assessment of eligible studies was independently performed by 2 reviewers (CX and TL) according to the NOS,^\[[@R11]\]^ which included criteria of patient selection (0--4 points), comparability of groups (0--2 points), and outcome assessment (0--3 points). If NOS scores were ≥6, this study was defined as a high-quality study.
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Summary of the studies included in the meta-analysis.
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2.3. Statistical analysis
-------------------------

The B7-H4 cut-off values classified cancer patients into high and low expression group. HRs and their 95% CIs were combined to measure the effective value of elevated B7-H4 expression on prognosis. Also the associations between B7-H4 and clinicopathologic features were expressed as odds ratios (ORs) and their 95% CIs. If the statistical variables were described in the article, we used them directly. Otherwise, we read the Kaplan--Meier survival curves through Engauge Digitizer version 10.4 to extract the data according to the method described by Tierney et al.^\[[@R12]\]^ This process was conducted by 2 independent researchers (CX and TL) to avoid the reading variability. Of course, we also contacted the authors of the literature to request additional information and original data. An observed HR\>1 indicated a worse prognosis in patients with B7-H4 overexpression and HR\<1 suggested a better prognosis. Statistical heterogeneity across the eligible studies was assessed by visual inspection of forest plots, processing the Chi-square test (assessing the *P* value) and calculating the *I*^2^ statistic. If the *I*^2^ was greater than 50% and *P*-value was \<.05, indicating a significant heterogeneity, a random-effects model (the DerSimonian--Laird method) was used. Otherwise the fixed-effects (Mante--Haenszel method) was applied to analyze the pooled HRs. To assess whether an individual study had an impact on the result, sensitivity analysis was performed for all included individual studies using the fixed-effects or random-effects model. Finally, if more than 10 studies were included, publication bias was estimated by visually assessing the asymmetry of an inverted funnel plot; otherwise Egger\'s and Begg\'s tests were used for analysis only. If publication bias was observed, we adjusted for the effect using the Duval and Tweedie trim-and-fill method.^\[[@R13]\]^ For all analyses, STATA version 14.0 (Stata Corporation, College Station, TX) was performed, and a *P* value \<.05 in the statistical tests was considered as statistically significant.

3. Results
==========

3.1. Studies selection and characteristics
------------------------------------------

Around 381 publications, of which 86 were duplicated studies, were found from the database search by using the described searching strategy (Fig. [1](#F1){ref-type="fig"}). After screening the titles and abstracts, a total of 16 studies were assessed for eligibility by full-text screening. Then, 10 studies that met the exclusion criteria were removed after full text review. Finally, 6 eligible studies^\[[@R14]--[@R19]\]^ were enrolled for meta-analysis. Table [1](#T1){ref-type="table"} provided the basic and summarized characteristics of the enrolled studies. All studies were scored in accordance with the NOS and the quality score ranged from 6 to 8 (Table [2](#T2){ref-type="table"}).

![Flow diagram of the inclusion and exclusion of studies.](medi-97-e0088-g002){#F1}
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Quality assessment of the included studies according to the Newcastle--Ottawa scale.
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3.2. Association between B7-H4 and clinical pathological factors in PC
----------------------------------------------------------------------

To investigate the association between increased expression of B7-H4 and characteristics of PC patients, we identified 6 clinicopathological factors that included gender, age, lymph node metastasis, TNM stage (T = the extent of the primary tumor, N = regional lymph nodes, M = distant metastases) (III+IV vs I+II), tumor differentiation (poorly vs moderately/well) and treatment (chemotherapy vs none), and the results were summarized in Table [3](#T3){ref-type="table"} and Figure [2](#F2){ref-type="fig"}. The aggregated analysis showed that overexpression of B7-H4 was significantly connected with lymph node metastasis (yes vs no; OR = 3.94, 95% CI: 1.22--12.66, *P = *.022) and TNM stage (III+IV vs I+II; OR = 7.63, 95% CI: 2.46--23.66, *P\<*.001). However, the pooled data suggested that there were no significant association between the level of B7-H4 and gender (male vs female; OR = 1.08, 95% CI: 0.69--1.68, *P = *.735), age (≥65 vs \< 65 years; OR = 0.90, 95% CI: 0.51--1.57, *P = *.706), tumor differentiation (poorly vs moderately/well; OR = 2.12, 95% CI: 0.76--5.92, *P = *.150) or treatment (chemotherapy vs none; OR = 0.93, 95% CI: 0.52--1.68, *P = *.811) in PC.
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Association between B7-H4 and clinical pathological factors in PC.
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![Forest plots of OR for the relation between B7-H4 expression and (A) gender; (B) age; (C) lymph node metastasis; (D) TNM stage; (E) differentiation and (F) treatment. OR = odds ratios, TNM stage = (T = the extent of the primary tumor, N = regional lymph nodes, M = distant metastases).](medi-97-e0088-g005){#F2}

3.3. The prognostic value of B7-H4 in OS
----------------------------------------

The HRs for OS were available in 5 studies^\[[@R14]--[@R18]\]^ involving 375 patients. As the heterogeneity among studies was not significant (*I*^2^ = 3.05; Ph = 0.550), the fixed-effects model was utilized (Fig. [3](#F3){ref-type="fig"}). The pooled HR showed a significant correlation of B7-H4 overexpression with shorter OS (HR = 3.00, 95%CI = 2.20--4.10, *P* \< .001; Fig. [3](#F3){ref-type="fig"}). Subgroup analyses based on different cut-off values were not carried out because the scale of included studies is too small. To assess whether an individual study had an impact on the result, sensitivity analysis was performed to analysis using the fixed-effects model. The result pattern was not obviously impacted by any single study (Fig. [4](#F4){ref-type="fig"}).
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![Sensitivity analysis on the relationships between B7-H4 expression and overall survival in pancreatic cancer patients.](medi-97-e0088-g007){#F4}

3.4. Publication bias
---------------------

We measured the publication bias of articles through Egger\'s and Begg\'s tests, considering that 6 studies were included. Egger\'s and Begg\'s tests showed, respectively, the *P* values of .903 and .806, and the result showed no evidence of publication bias.

4. Discussion
=============

For now, at least, our meta-analysis is the first time to investigate the relationship between high B7-H4 expression and clinical prognosis value in patients with pancreatic cancer. This study shows that an elevated B7-H4 is a strong predictor of worse OS in patients with PC, and we also find that the association between B7-H4 overexpression with some clinical pathological features in PC patients (the express levels of B7-H4 were positively correlated with lymph node metastasis and higher grade tumor staging, such as III/IV staging). In a word, our research finding indicates that B7-H4 could serve as a potential prognostic biomarker for the patients with PC, and it may be a new target for future cancer treatments.

B7-H4, which is a novel B7 ligand that possibly acts as a negative regulatory factor in the T cell-mediated immune response,^\[[@R20]\]^ is aberrantly expressed in some tumor tissues (such as breast,^\[[@R8],[@R21]\]^ urothelial bladder ,^\[[@R22]\]^ ovarian,^\[[@R23],[@R24]\]^ cervical,^\[[@R25]\]^ lung,^\[[@R26]\]^ pancreatic,^\[[@R27]\]^ renal cell,^\[[@R28]\]^ and gastric cancers^\[[@R9],[@R29]\]^). So, it suggests that these molecules might be new tumor diagnostic and prognostic molecular biomarkers. Some studies have investigated the role of high B7-H4 expression for cancer cell in the tumor immune escape, it is achieved mainly through the following ways: the B7-H4 molecular can directly arrest the proliferation of cytotoxic T lymphocytes in G0/G1 phase, and it also indirectly suppress tumor-associated antigen-specific T-cell immunity (including inhibiting the proliferation and cytokine production of T cells).^\[[@R7],[@R30]--[@R33]\]^ Therefore, the high expression of B7-H4 in cancer tissue may play an important role in promoting tumor progression and metastasis.

In our analysis, the pooled HR of B7-H4 on OS for PC patients is 3.00 (95%CI = 2.20--4.10, *P* \< .001) which indicates B7-H4 was related to a worse outcome for patients. By reviewing the literature, we also find that some authors use meta-analysis to investigate the correlation between B7-H4 and prognosis of cancer patients.^\[[@R34]--[@R36]\]^ Their research also suggests that the high expression of B7-H4 is associated with worse OS in different cancer. However, different studies suggest that the level of B7-H4 expression is associated with different clinical pathological features in various cancers. For example, Tan and Shen^\[[@R34]\]^ reported that the correlation between B7-H4 and lymph node metastasis, advanced TNM stage and poor differentiation in patients with nonsmall cell lung cancer. But our study reveals that it correlates with lymph node metastasis and higher TNM tumor staging in PC. Although the included studies use the same detected methods (immunohistochemistry/IHC) to detect the level of B7-H4 expression in our study, but the assessment methods of B7-H4 staining vary, resulting in inconsistent cut-offs in some studies. This problem may have some potential impacts on this meta-analysis. Therefore, further studies with the same assessment way are needed.

There are several limitations to the present study. First, most included studies are conducted in China and several studies could not include because of its negative results which could not be published. Therefore, patient selection bias and publication bias maybe exist. Second, the data of several studies are extracted from survival curves; the statistical error that could affect the precision of the results is existed. Third, some studies^\[[@R19]\]^ that their SC images are fuzzy are not included in analyzing the relationship between B7-H4 and OS. Fourth, only 5 studies were included for the OS analysis and the total sample was small, we need more large scale studies for meta-analysis to make compelling conclusions.

5. Conclusion
=============

In summary, despite there are some limitations in this study, but this meta-analysis suggests that overexpression B7-H4 is significantly associated with presence of lymph node metastasis, poor tumor differentiation, and shorter OS in PC. High B7-H4 expression is an unfavorable prognostic factor for patients with PC.
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